ABSTRACT. A total of 466 rodents were captured in the Republic of Zambia from 2006 to 2010. Based on morphological observations and phylogenetic analyses of mitochondrial gene sequences, rodents were divided into 10 groups consisting of 39 Rattus rodents, 263 multimammate rats, 18 other Murinae rodents, 95 gerbils, 11 pouched mice, 1 giant-pouched rat, 38 fat mice and 1 dormouse. Rodent antibodies except that from Rattus were examined for their cross-reactivity to commercially available antibody detection reagents. Anti-mouse immunoglobulin G (IgG) was most cross-reactive to heterologous antibodies including multimammate rat, gerbil, pouched mouse and fat mouse. Thus, anti-mouse IgG would be a useful detection tool in serological examination of the Zambian rodent population. Preliminary sero-surveillance for plague, leptospirosis and hantavirus infection was performed by ELISA.
Rodents play a key role as reservoir hosts of causative agents of various bacterial, viral and parasitic zoonoses. They are considered to be an important reservoir, as they are often persistently infected and can transmit pathogens to humans. Consequently, surveillance of infected rodents provides crucial information for the prevention and control of rodent-borne zoonoses.
Serological examinations to detect antibodies against specific pathogens have been most widely used for surveillance. Indirect immunofluorescent antibody (IFA) assay, enzymelinked immunosorbent assay (ELISA) and Western blotting test are most commonly used in surveys, and they require species-specific secondary antibodies to the immunoglobulin (Ig) of the target animals. However, variable levels of cross-reactivity of the secondary antibodies against Ig of heterologous rodent species have been reported [12] . Therefore, specification of animal species and evaluation of crossreactivity of secondary antibodies used for the diagnoses of various animal species are essential to obtain proper results. Although local and sporadic cases of bubonic plague [6] and febrile illness with hemorrhage by unknown etiology have been reported, surveillance among wild animals, especially rodents, is quite limited in the Republic of Zambia. Although serological surveillance by convenient IFA test and ELISA is recommended, the absence of information regarding the cross-reactivity of commercially available secondary antibodies to Igs of indigenous rodents makes it difficult to obtain reliable information.
In the present study, the species of rodents captured in Zambia from 2006 to 2010 were classified by genetic characterization, and the levels of cross-reactivity of secondary antibodies to rodent sera were examined to evaluate their applicability to serological diagnoses. By using appropriate secondary antibodies, the prevalence of antibodies to typical rodent-borne pathogens, hantavirus, Yersinia pestis and Leptospira, was examined.
Wire-meshed cage traps (145 × 100 × 230 mm) and Sharman-type cage traps (50 × 65 × 157 mm) (Hoga-lab, Kyoto, Japan), baited with peanut butter-flavored maize meal supplemented with oat seeds, were used for animal trapping. Animals were treated in accordance with the guidelines of the Hokkaido University Animal Research Committee. Animals were anesthetized, and blood samples were collected by heart puncture. Animals were photographed, and their body sizes and weights were recorded. Serum samples were stored at −30°C. Diluted working stocks were inactivated at 55°C in a water bath for 30 min prior to use. Genomic DNA (gDNA) samples were extracted from livers using DNAzol® Reagent (Molecular Research Center, Inc., Cincinnati, OH, U.S.A.) according to the manufacture's protocol. Extracted DNA was reconstituted with 50 µl of Tris-EDTA buffer (pH 8.0). For classification of host rodent species, a partial sequence of the cytochrome c oxidase subunit I gene (COI) or cytochrome b gene (cytb) was amplified from liver gDNA samples. The primers used in this study are listed in Table  1 . The amplicons were sequenced using an Applied Biosystem 3130xl Genetic Analyzer (Life Technologies Japan, 2B ) were obtained. Based on phylogenetic analysis of COI sequences, they were divided into 10 groups (groups I-X in Fig. 2A ). While groups VII and VIII contained reference sequences of Rattus rattus and R. tanezumi, respectively, no available reference sequences were included in the other groups ( Fig. 2A) . A total of 171 sequences of cytb were further analyzed, and phylogenetic analysis of cytb sequences ( Fig. 2C) showed that group I was a species of the fat mouse (Steatomys sp., subfamily Dendromurinae), group II was the pouched mouse (Saccostomus campestris, subfamily Cricetomyinae), group IV was a species of the multimammate rat (Mastomys sp., subfamily Murinae), group V was a species of the single-striped mouse (Lemniscomys sp., subfamily Murinae), group VII was the black rat (R. rattus, subfamily Murinae) and group VIII was the tanezumi rat (R. tanezumi, subfamily Murinae). Group IX was estimated to be a single species of the gerbil (subfamily Gerbillinae). Although the COI sequence could not be amplified, the giant pouched-rat (Cricetomys gambianus, subfamily Cricetomyinae) was also identified by cytb analyses (Fig. 2C) . Although group III (divided into two subgroups, III-1 and III-2) was not identified by COI analysis ( Fig. 2A) , it is likely to be most related to the pygmy mouse (Mus minutoides, subfamily Murinae) by cytb analysis (Fig. 2C) . On the other hand, the genus or species of groups VI and X could not be identified in this study. The numbers of animals captured in this study are shown in Table 2 .
Serum samples of sufficient volume were chosen from each animal group and used as representative serum samples to determine the reactivity of HRP-conjugates. Serum samples of laboratory rat (Rattus norvegicus; Fig. 3I ) and mouse (Mus musculus; Fig. 3J ) were also included as the controls for HRP-conjugated anti-rat and anti-mouse antibodies, respectively. Serum samples of gerbil 2, rodent 1 (group X), rodent 3 (group III-2), rodent 5 (group VI) and dormouse were not tested, because of insufficient volume of serum samples. The HRP-conjugated anti-mouse, anti-rat, anti-Peromyscus and anti-hamster IgGs were highly reactive to antibodies of the multimammate rat (Fig. 3A) and the gerbil (Fig. 3C) . Among them, HRP-conjugated anti-mouse antibody was most reactive, even if compared with the laboratory mouse (Fig. 3J) , and its minimum effective concentration (MEC) was 0.03 µg/ ml to both species (black arrows in Fig. 3 ). HRP-conjugated anti-mouse IgG reacted with antibodies of the single-striped mouse (Fig. 3B) , the pouched mouse (Fig. 3D ) and the fat mouse (Fig. 3F) , although not as strongly as with those of the multimammate rat (MEC of 0.5 µg/ml; open arrows in Fig.  3 ). Their reaction profiles were distinguishable from that of the negative control (Fig. 3K) , and they seemed like that of HRP-conjugated anti-mouse antibody against serum sample of the laboratory rat (Fig. 3I) . No HRP-conjugates reacted with antibodies of the giant-pouched rat (Fig. 3E ), rodent 2 ( Fig. 3G ) or rodent 4 (Fig. 3H) . By ELISA using cross-reactive secondary antibodies, preliminary examinations for several zoonoses, including plague, leptospirosis and hantavirus infection, were performed. HRP-conjugated anti-mouse IgG was used for serum samples of the multimammate rat and the gerbil 1 at the concentration of 0.05 µg/ml (MEC of 0.03 µg/ml) and was used for serum samples of the pouched mouse, the single-striped mouse and the fat mouse at the concentration of 0.5 µg/ml (at MEC). For serum samples of the rat, HRPconjugated anti-rat IgG was used at the concentration of 0.75 µg/ml (MEC less than 0.375 µg/ml [12] ). According to the criterion described above, two rodents (1 black rat and 1 multimammate rat) and one tanezumi rat were judged as positive to Yersinia pestis F1 and Leptospira rLipL32 antigen, respectively (Table 3) . Five independent trials of PCR for plague pathogen could not detect any bacterial gene from rodent liver DNA sample (data not shown). For hantavirus infection, a total of seven rodents were judged as positive for hantavirus antibody (Table 3) . Of those seven rodents, four (2 multimammate rats, 1 fat mouse and 1 gerbil) were reactive to rNP103 of HTNV, and the other three (2 fat mice and 1 gerbil) were reactive to that of PUUV.
Correct classification of animals and selection of adequate secondary antibodies are crucial for serological examination of wild animals. In this study, a genetic approach was used for species identification of African wild rodents, followed by examination of various HRP-conjugates for their crossreactivity with antibodies of African rodents. Reactivity of HRP-conjugates with antibodies of various rodent species was investigated previously [12] . However, the African rodents captured and used in the present study were not included. Rodents captured in two regions of Zambia were grouped according to the phylogeny of COI (Fig. 2A) , and each group was classified by phylogenetic analyses of cytb. Since no sufficient reference data of cytb were available, species identification was not achieved for groups V, VI and IX. More precise data sets of cytb will be required for strict identification for African rodents in the subfamily Murinae, as well as for animals of the subfamilies Gerbillinae and Dendromurinae.
Applicability of commercially available HRP-conjugates was described previously [12] , and in this study, we expanded the range of the test rodent species to African population captured in Zambia. Our results showed that HRP-conjugated anti-mouse IgG was more cross-reactive to heterologous IgGs than others tested (Fig. 3A, 3B, 3C, 3D and 3F ). This conjugate seems to be more reactive against antibody of the multimammate rat and the gerbil than that of the laboratory mouse (Mus musculus). The reaction profiles can be affected by the albumin/globulin ratio of the serum sample. Because wild rodents may develop immune response against natural antigens, it is considered that their serum samples may have lower albumin/globulin ratio compared to the laboratory animals. Since most of the rodent species captured in the present study were multimammate rats and gerbils (Table 2) , HRP-conjugated anti-mouse IgG would be a useful detection tool in serological examination of the Zambian rodent population. Antibodies from the giant-pouched rat (Fig. 3E) , and the rodents 2 and 4 ( Fig. 3G and 3H ) reacted poorly with all of the conjugates tested. In contrast, antibodies of the multimammate rat and the gerbil reacted with anti-rat, anti-mouse, anti-Peromyscus and ant-hamster IgG (Fig. 3A  and 3C ). Heterogeneous cross-reactivity of HRP-conjugates has been observed even within the same genus [12] . This reemphasizes the importance of proper classification of animals to be examined serologically and the importance of selection of appropriate detection techniques.
By using cross-reactive conjugates and optimized conditions for African rodents, ELISA used in this study showed the serological vestige of plague, leptospirosis and hantavirus infection (Table 3) . Regarding the sero-surveillance, only the results of ELISA were reported. Although it is difficult to get definite diagnoses combined with other methods because of the limited volume of serum samples, the strict criterion employed in this study, that is, only outliers of the SmirnovGrubbs test being judged as positive, might have resulted in selection of true positives. This preliminary study will be followed by further investigations including highly sensitive sero-diagnosis, such as immunochromatography, and genetic detection of pathogens.
Although the detection rate of antibodies to the plague and leptospirosis was quite low, hantavirus infection seems to be endemic in the study area (Table 3) . Seroprevalence described in this study can not be directly compared to the published results of serological studies on reservoir rodents [1, 9, 16] , because detection accuracy may be different. However, this is the first report of the existence of hantavirus in the eastern Africa. Taking account of the fact that several hantaviruses have been detected in the western part of Africa [8, 10, 11, 14, 17] , hantavirus infections in Zambia, including human cases, may be noteworthy. In Africa, many rodent-related diseases have a major impact on public health. To control and prevent zoonoses, it is necessary to understand the true situation of local disease endemics. Sero-surveillance is one of the best methods to obtain informations of local disease endemics. Accordingly, wide-ranging and long-lasting serological surveillances should be conducted. Yersinia pestis antigens were kindly provided by Dr. Akihiro Hayashi, Yokohama Quarantine Station, Center for Inspection of Imported Foods and Infectious Diseases, Japan. The authors thank Mr. Ladslav Moonga, a laboratory assistant of HU-CZCZ, and Mr. Alick Chulu, a driver of HU-CZCZ, for their strong support in the field activities in Namwala. Mr. Mulenga, a laboratory assistant of the Veterinary School, UNZA also helped us to collect field samples in Namwala.
